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Method of inventorying data carriers 



The invention relates to a method of inventorying data carriers by means of a 
communication station, wherein said communication station and each data carrier are brought 
into communicative connection, and wherein each data carrier brought into communicative 
connection with the communication station generates a response signal enabling the 

5 inventorying of the data carrier after at least one operational condition has been fulfilled and 
supplies said response signal using a transmission start moment that can be chosen from a 
plurality of transmission start moments. 

The invention further relates to a data carrier which is designed for contactless 
communication with a communication station and which comprises an integrated circuit, 

10 which integrated circuit comprises the following means: response signal generation means 
for generating a response signal and start moment selection means by which a transmission 
start moment can be selected from a plurality of transmission start moments. 

The invention further relates to an integrated circuit for a data carrier, which 
data carrier is designed for contactless communication with a communication station, said 

15 integrated circuit comprising the following means: response signal generation means for 

generating a response signal and start moment selection means by which a transmission start 
moment can be selected from a plurality of transmission start moments. 



20 A method as described in the first paragraph, a data carrier as described in the 

second paragraph, and an integrated circuit as described in the third paragraph above are 
known from the document EP 0 957 442 B. This known document discloses a method of 
inventorying data carriers by means of a communication station, which method is often 
denoted an anticollision method or anticollision procedure. The communication station, often 

25 denoted the reader station, and the known data carrier are brought into communicative 
connection such that the communication station sends an inquiry information to all data 
carriers present in a communication field. The sufficient energy supply of the data carriers 
present in the communication field and the faultless reception of the inquiry information in 
each data carrier each constitute an operational condition which is to be fulfilled before each 
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respective data carrier generates a response signal which renders possible the inventorying of 
the relevant data carrier. The inquiry information initializes the start of a sequence of N 
consecutive time windows both in the reader station and in the data carriers. Each of the N 
time windows has a given time window duration, which may be fixed or variable. Several 
5 sequences of N consecutive time windows are usually generated in a complete anticollision 
procedure. 

Each of the known data carriers comprises a random number generator which 
randomly lays down one of the N time windows as the return transmission time window, 
whereby a random transmission start moment is given. The data carrier sends a response 

10 information or response signal in the return transmission time window selected by the 

respective data carrier, which response signal contains the serial number of the data carrier 
and thus unequivocally characterizes the data carrier. The reader station sends a time window 
switching information at the end of each time window, such that a switch-over is made from 
the present time window to the next time window. The reader station identifies the data 

1 5 carriers one after the other and can subsequently, following the completion of the 

anticollision method, build up and implement a direct communication with one of the data 
carriers in the communication field each time. 

The known solution involves the disadvantage that the entire transaction time 
for inventorying the known data carriers is comparatively long, because all time windows 

20 always have to be worked through. 



The invention has for its object to eliminate the above disadvantage and to 
provide an improved method, an improved data carrier, and an improved integrated circuit. 
25 To achieve the above object, inventive features are provided in a method 

according to the invention such that a method according to the invention can be characterized 
as follows: 

A method of inventorying data carriers by means of a communication station, 
wherein said communication station and each data carrier are brought into communicative 
30 connection, and wherein each data carrier brought into communicative connection with the 
communication station generates a response signal enabling the inventorying of the data 
carrier after at least one operational condition has been fulfilled and supplies said response 
signal using a transmission start moment that can be chosen from a plurality of transmission 
start moments, and wherein each data carrier before providing its response signal tests 
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whether another data carrier is already providing its response signal, and wherein each data 
carrier discontinues the provision of its response signal if another data carrier is already 
giving its response signal. 

To achieve the above object, inventive features are provided in a data carrier 
5 according to the invention such that a data carrier according to the invention can be 
characterized as follows: 

A data carrier which is designed for contactless communication with a 
communication station and which comprises an integrated circuit, which integrated circuit 
comprises the following means: response signal generation means for generating a response 
« signal and start moment selection means by which a transmission start moment can be 
selected from a plurality of transmission start moments, and response signal recognition 
means designed for recognizing a response signal given by another data carrier and for 
generating and giving off a response signal recognition signal, and wherein delivery decision 
means are provided which release or block a delivery of the response signal in dependence on 
1 5 the response signal recognition signal and the transmission start moment. 

To achieve the above object, inventive features are provided in an integrated 
circuit according to the invention such that an integrated circuit according to the invention 
can be characterized as follows: 

An integrated circuit for a data carrier, which data carrier is designed for 
20 contactless communication with a communication station, said integrated circuit comprising 
the following means: response signal generation means for generating a response signal and 
start moment selection means by which a transmission start moment can be selected from a 
plurality of transmission start moments, and response signal recognition means designed for 
recognizing a response signal given off by another data carrier and for generating and 
25 delivering a response signal recognition signal, and wherein delivery decision means are 
provided which release or block the delivery of the response signal in dependence on the 
response signal recognition signal and the transmission start moment. 

The provision of the inventive features advantageously and in a simple manner 
achieves that data carriers can be inventoried significantly faster. This is achieved in 
30 particular in that a data carrier, which is brought into communicative connection with the 
communication station, reacts to other data carriers which are also brought into 
communicative connection with the communication station, i.e. said data carrier tests whether 
one of the other data carriers is already giving a response signal, such that the former data 
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carrier will only give its response signal if no other data carrier is already giving a response 
signal at its transmission start moment. 

The inventive features further advantageously achieve that, for example with a 
small number of data carriers which are brought into communicative connection with a 
5 communication station, a response signal can be obtained within a shortest possible period of 
time with a comparatively high probability, which is desirable and highly advantageous in 
many applications. 

The test as to whether another data carrier is already giving its response signal 
may take place immediately before the delivery of the response signal for each data carrier in 

10 the solutions according to the invention. The test, however, may also take place earlier, for 
example shortly after the generation of the response signal. It was found to be particularly 
advantageous when each data carrier already before generating its response signal tests 
whether another data carrier is giving its response signal, such that each data carrier 
discontinues the generation of its response signal if another data carrier is already giving its 

15 response signal. This is advantageous for achieving the most energy-saving operation of each 
data carrier. 

In the solutions according to the invention, the response signal may be formed 
by an authentication signal. It was found to be highly advantageous if the identification signal 
is generated as the response signal, in which case the response signal generation means are 
20 formed by identification signal generation means. This is particularly advantageous 
technically for obtaining as simple as possible a circuit arrangement. 

The measures of claim 4 provide the advantage that a transmission start 
moment can be determined in a comparatively simple manner. 

The measures of claim 5 provide the advantage that a waiting time is exactly 
25 defined. This is important and advantageous in particular for the case in which no data 
carriers are present in the communication range of the communication station. 

The measures of claim 6 provide the advantage that frequent collisions caused 
by identical transmission start moments of the data carriers are avoided. 

Furthermore, the measure of claim 7 advantageously achieves that an already 
30 inventoried data carrier does not take part any more in the inventorying process during 

inventorying of further data carriers, which is very advantageous for making the inventorying 
as fast as possible. 

Furthermore, the measure of claim 10 and of claim 14 provides the advantage 
that a recognition of a response signal given off by a data carrier can be achieved by 
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comparatively simple means, i.e. in that a carrier signal delivered along with the response 
signal is recognized. 

Furthermore, the measure of claim 1 1 and claim 15 provides the advantage 
that the recognition of a response signal can be achieved by comparatively simple means if 
5 the data carrier is also constructed as a communication station. 

The above and further aspects of the invention will become apparent from the 
ensuing description of an embodiment and are clarified with reference to this embodiment. 



1 0 The invention will be explained in more detail below with reference to an 

embodiment shown in the drawings to which, however, the invention is not limited. 

Fig. 1 is a diagrammatic block diagram of a part of a data carrier according to 
the invention essential in the present context, comprising an integrated circuit according to 
the invention. 

15 Fig. 2 is a time diagram of the commands and signals occurring during an 

inventorying procedure. 



Fig. 1 shows a data carrier 2. The data carrier 2 is designed for contactless 
20 communication with a communication station (not shown). A plurality of data carriers 2 are 
in communicative connection with the communication station in usual applications, such that 
the data carriers 2 are within a communication range of the communication station. Before 
reading of data contained in each of the data carriers 2 or writing of data into each of the data 
carriers 2 can take place, it is necessary to carry out a so-termed inventorying of the plurality 
25 of data carriers 2 by means of the communication station which communicates in a 
contactless manner with the data carriers 2. During such an inventorying process, 
identification data ID significant for the respective data carrier 2 are transmitted by the 
respective data carrier 2 to the communication station and stored in the communication 
station, i.e. for each data carrier 2, so that the identification data ID of all data carriers 2 in 
30 communicative connection with the communication station are known in the communication 
station, which renders it possible for the communication station to come into contact with a 
respective data carrier 2 in a purpose-oriented and non-interchangeable manner through the 
use of the identification data ID characteristic of this data carrier 2, for example for reading 
useful data from the relevant data carrier 2 or storing useful data in the relevant data carrier 2 
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It is to be noted that identification data ID are not determined for all data carriers 2 that can 
be brought into communicative connection with the communication station, but that the 
identification data ID of a data carrier 2 responding first will suffice. 

The data carrier 2 comprises an integrated circuit 3 and a transmission coil 25, 
5 which transmission coil 25 is connected to a first terminal 26 and a second terminal 27 of the 
integrated circuit 3. The data carrier 2 is capable of communicating in a contactless manner 
with the communication station by means of the transmission coil 25. A capacitor 28 forming 
part of the integrated circuit 3 is connected in parallel to the transmission coil 25. The 
transmission coil 25 and the capacitor 28 form a tuned circuit which is tuned to an operating 

10 frequency and which forms part of data carrier transmission means 29. Instead of the 
transmission coil 25, the data carrier transmission means 29 may comprise a dipole for 
transmission. Data carrier transmission means 29 which operate capacitively or optically may 
alternatively be provided instead of the data carrier transmission means 29 with the 
transmission coil 25 or with a dipole. 

1 5 The integrated circuit 3 of the data carrier 2, and accordingly the data carrier 2, 

comprise supply voltage generation means 30 and clock signal regeneration means 3 1 and 
response signal recognition means 20 and demodulation means 32 and modulation means 33. 
Said five means 30, 31, 20, 32, and 33 are each connected to the data carrier transmission 
means 29. 

20 The supply voltage generation means 30 serve to generate a supply voltage V 

by using the signals delivered by the data carrier transmission means 29, i.e. for example by 
using modulated coded commands MCCO or by using the unmodulated carrier signal CS. 
The supply voltage V that can be generated by the supply voltage generation means 30 can be 
supplied to all those components of the integrated circuit 3 which require this supply voltage 

25 V, which is not indicated individually in Fig. 2. "Power-on" recognition means 34 are 

connected to the supply voltage generation means 30, to which means 34 the output signal of 
the supply voltage generation means 30 can be fed, i.e. the instantaneously generated supply 
voltage V. The "power-on" recognition means 34 are capable of recognizing whether a 
sufficiently high supply voltage V is available. If such a sufficiently high supply voltage V is 

30 available, the "power-on" recognition means 34 deliver a "power-on" reset signal POR. 

The clock signal regeneration means 31 serve to regenerate a clock signal 
CLK by using the signals delivered by the data carrier transmission means 29, i.e. by using, 
for example, the modulated coded commands MCCO or by using the unmodulated carrier 
signal CS. The clock signal regeneration means 31 supply the clock signal CLK. Instead of 
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the clock signal regeneration means 31, an internal oscillator independent of the signals 
supplied by the data carrier transmission means 29 may be provided, by means of which a 
clock signal CLK can be generated. Such an internal oscillator is advantageous especially if 
the communication between a communication station and a data carrier takes place at a very 
5 high operating frequency, for example at operating frequencies in the so-called UHF range or 
the microwave range. 

The demodulation means 32 serve to demodulate commands and signals 
supplied to them, i.e. for example to demodulate the modulated coded commands MCCO. 
After a demodulation of modulated coded commands MCCO has been completed, the 

10 demodulation means 33 supply coded commands CCO. 

The modulation means 33 serve to modulate signals, for example to modulate 
coded identification signals CIDS which can be supplied to the modulation means 33. 
Furthermore, a subcarrier signal SCS can be supplied to the modulation means 33. A 
subcarrier signal generator 35 is provided for generating the subcarrier signal SCS, to which 

15 generator 35 the clock signal CLK can be supplied by the clock signal regeneration means 31 
and which generator 35 generates the subcarrier signal SCS by using the clock signal CLK. 
When a modulation is carried out, the subcarrier signal SCS is modulated by the modulation 
means 33, for example in dependence on the coded identification signals CIDS, with the 
result that the modulation means 33 supply modulated coded identification signals MCIDS 

20 which are subsequently transmitted to the communication station by the data carrier 
transmission means 29 and in this case in particular by the transmission coil 25. 

The integrated circuit 3 of the data carrier 2, and accordingly the data carrier 2, 
comprise a microcomputer 36. A hard-wired logic circuit may be provided instead of the 
microcomputer 36. The microcomputer 36 serves to realize a range of means and functions of 

25 which only those means and functions essential in the present context will be discussed in 
detail below. The "power-on" reset signal POR and the clock signal CLK can be supplied to 
the microcomputer 36 for purposes which have long been known to those skilled in the art. 

The integrated circuit 3 further comprises storage means 37 which are 
connected to the microcomputer 36 via a link 38. The storage means 37 comprise an 

30 addressable memory 61, which addressable memory 61 comprises a plurality of memory 
locations, of which only one memory location 39 is identified with dash-dot lines. 
Identification data ID significant and unique to the data carriers 2 are stored in the memory 
location 39. A range of further data is stored in the storage means 37, which will not be 
discussed in any more detail. 
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Decoding means 40 and coding means 41 are realized by means of the 
microcomputer 36. The decoding means 40 are designed for decoding commands and signals 
fed to them, i.e. also for decoding the coded commands CCO. After coded commands CCO 
have been decoded, the decoding means 40 supply decoded commands, for example the 

5 inventory command INVCO. The coding means 41 serve to code signals, for example to code 
the identification signal IDS. After the identification signal IDS has been coded, the coding 
means 41 supply a coded identification signal CIDS. 

Furthermore, identification signal generation means 44, start moment 
definition means 45, and delivery decision means 50 are realized by means of the 

10 microcomputer 36. The functions of the means 44, 45, and 50 will be discussed in more 
detail below. 

The microcomputer 36 further comprises process control means 47 capable of 
controlling processes that can be carried out in the microcomputer 36, in particular those 
related to inventorying of the data carrier 2. 

15 The identification signal generation means 44 serve to generate an 

identification signal IDS. The identification data ID read from the memory location 39 of the 
storage means 37 are supplied to the identification signal generation means 44 by means of 
the process control means 47 such that this identification signal IDS can be generated. The 
identification signal IDS is generated from the identification data ID and additional data, such 

20 as security data. It should be noted here already that the identification signal generation 

means 44 at the same time form response signal generation means by which a response signal 
can be generated, which in the present case is also generated from the identification data ID 
and is formed by the identification signal IDS, which need not necessarily be the case, 
because the response signal may differ from the identification signal IDS. The identification 

25 signal IDS generated by the identification signal generation means 44 must be transmitted 
from the data carrier 2 to the communication station for the purpose of inventorying. 

The process control means 47 are constructed such that they ensure, 
subsequent to a recognition of an inventory command INVCO among the commands given 
by the decoding means 40, that the start moment definition means 45 select a transmission 

30 start moment from a plurality of transmission start moments, which selection takes place by 
means of a random generator. It is to be noted that the start moment definition means 45 may 
also utilize at least a portion of the identification data ID for the selection, in which case such 
a transmission start moment dependent on the considered portion of the identification data ID 
is selected by means of an algorithm implemented in the process control means 47. 
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A method or process for inventorying data carriers 2 by means of a 
communication station will be described below with reference to Fig. 2. Time sequences of 
communication signals of both the communication station and the data carrier are shown. 

It is assumed that a total of two (2) data carriers, DC-A and DC-B, and one 

5 communication station STATION are present in a common communication area at the start 
jf the method of inventorying the data carrier 2. At this start of the method of inventorying 
the data carriers DC-A and DC-B, the communication station STATION generates the 
inventory command INVCO in accordance with a defined transmission protocol and 
transmits it to all data carriers 2. It starts at a moment tl by transmitting a high-frequency 
field or a carrier signal, and from a moment t2 up to a moment t3 the inventory command 
INVCO is sent. The high-frequency field is maintained until a moment t4. During the period 
from moment t2 to moment t3, the inventory command INVCO is received in the data 
carriers DC-A and DC-B as explained above with reference to the data carrier transmission 
means 29, demodulation means 32, and decoding means 40 of the data carrier 2. The time 

1 5 period between the moments tl and t2 is required for bringing the data carriers DC-A and 
DC-B from their so-called power-down mode, whereupon the data carrier 2 is initialized. 
Since the data carriers DC-A and DC-B discussed here are so-called passive data carriers, 
this time period is also required for generating or building up the supply voltage V. 

At moment t4, i.e. after the recognition of the inventory command INVCO in 

20 both data carriers DC-A and DC-B, a transmission start moment is determined for each of 
them. As is apparent from the time diagram of the data carrier DC-A, a transmission start 
moment t5 was chosen by the start moment definition means 45 for the data carrier DC-A. 
The transmission start moments in the present case result from the sum of a selectable 
discrete delay period Td and a number of waiting time periods Tw, starting from the moment 

25 t4. The number of waiting periods T w is determined by a random principle, as was noted 

above, by the start moment definition means 45. It is possible in the present case to choose up 
to a number of three (3) waiting periods Tw, two (2) waiting periods Tw being chosen for the 
data carrier DC-A. It is to be noted that the number of waiting periods T w may vary widely in 
dependence on the application, such that advantageously the maximum number of selectable 

30 waiting periods Tw is double the maximum number of data carriers 2 present in a common 
communication range with a communication station, so as to avoid frequent collisions. 

As is apparent from the time diagram for the data carrier DC-B, a transmission 
start moment t6 was chosen for this data carrier DC-B, which transmission start moment t6 is 
one waiting period T w later than the moment t5. 
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After the transmission start moment has been determined, it is determined or 
detected by response signal recognition means 20 in the data carrier DC-A at moment t5 
whether a further data carrier 2 present in the common communication range, i.e. in the 
present case the data carrier DC-B, is sending a response signal. The response signal 

5 recognition means 20 then, i.e. in the case of a detected response signal, supply a response 
signal recognition signal ASDS to the process control means 47. If no response signal 
recognition signal ASDS is provided, the response signal generation means 44 generate the 
identification signal IDS-A as was described above. The generated identification signal IDS- 
A is conducted via the delivery decision means 50 to the coding means 41 and is finally 

10 delivered via the data carrier transmission means 29. In the corresponding time diagram in 
Fig. 2, the delivery of the identification signal IDS-A takes place between a moment t7 and a 
moment t8, while transient phenomena are taken into account before the moment t7 and after 
the moment t8 up to a moment t9. It is to be noted that these transient phenomena may vary 
strongly from system to system and may even be absent. 

15 It is determined or detected in the data carrier DC-B by its response signal 

recognition means 20 at moment t6 whether a further data carrier 2 present in the common 
communication range, i.e. the data carrier DC-A in the present case, is sending a response 
signal. In this case the response signal given by the data carrier DC-A is recognized or 
detected in that a generated carrier signal occurring along with the provided response signal 

20 is recognized. The response signal recognition means 20 of the data carrier DC-B generate a 
response signal recognition signal ASDS in this case, because the data carrier DC-A is 
already giving its response signal at moment t6, which response signal recognition signal 
ASDS achieves via the process control means 47 and the delivery decision means 50 that no 
identification signal IDS-B will be supplied to the data carrier transmission means 29 via the 

25 delivery decision means 50 and furthermore via the coding means 41 and the modulation 
means 33. 

It is thus advantageously achieved in the method described above that a data 
carrier, i.e. the data carrier DC-A in this case, has been inventoried or selected by a 
communication station in as short a time as possible. This is advantageous, for example, if a 
30 communication station is to start a service the moment at least one data carrier enters the 

communication range of the communication station. Such a service may be, for example, an 
advertising action or something similar. 

If so desired, the data carrier DC-B may now be inventoried, for which 
purpose the communication station once more sends an inventory command INVCO, and the 
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data carrier DC-B is inventoried in accordance with the method described above. 
Advantageously, the data carrier DC-A is set to an idle position before the communication 
station provides the inventory command INVCO, in which idle position the data carrier DC- 
A does not react any more to the inventory command INVCO. 

If the same transmission start moment is determined in both data carriers DC- 
A and DC-B, and accordingly a response signal is transmitted at the same time, the 
communication station is constructed for recognizing several response signals and for 
interrupting the inventory, and possibly restarting the inventory by means of a renewed 
delivery or transmission of the inventory command INVCO. 

It is to be noted that the communication station may at the same time be 
formed by a data carrier, in which case such a data carrier has the same means for 
communicating with other data carriers as a communication station. 

It may furthermore be noted that a method according to the invention may be 
implemented among a plurality of communication stations. 



